Introduction
Breast cancer is the most common malignancy in women worldwide. The lifetime risk of a woman being diagnosed with breast cancer is approximately 12% in the Western countries [1] . It is interesting to note that there is substantial variation in the breast cancer risk across countries, probably due to differences in lifestyle and environmental factors. Understanding how modifiable lifestyle risk factors affect breast cancer incidence may have important implications for the prevention and management of this malignancy, especially in countries with a high disease burden [1] .
Over the last decade, the associations between obesity, physical activity, diet and the risk of developing breast cancer have been extensively studied and are now well established [2, 3] . Recently, it turned out that obesity is probably the most powerful modifiable risk factor for the incidence and prognosis of breast cancer [4] [5] [6] . Obesity with preferential intraabdominal fat accumulation ('abdominal obesity') is well known to be a potent promoter of cardiovascular risk factors including glucose and lipid disorders and elevated blood pressure. This cluster of risk factors along with abdominal obesity is commonly referred to as metabolic syndrome [7] .
Definition and Prevalence of the Metabolic Syndrome
The current definition of the metabolic syndrome originates from 2001 [8] , and after intensive discussion among expert groups, a unified definition has been recently established [9] (table 1) . In Caucasian populations, a waist circumference threshold of 102 cm in men and 88 cm in women is usually preferred as a measure of abdominal obesity. When 3 of the 5 criteria are present, the diagnosis of metabolic syndrome is fulfilled [8, 9] .
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Summary
Epidemiological data suggest a close link between obesity and breast cancer, the most frequently occurring cancer in women. The metabolic syndrome is typically associated with abdominal obesity and comprises disturbances in glucose and/or lipid metabolism and/or hypertension. Recent studies have established a specific association between the metabolic syndrome -as well as its components -and breast cancer, indicating both an increased risk of developing breast cancer and a poorer prognosis. In premenopausal women, obesity might have a protective effect only on receptor-positive tumors, whereas a positive association was observed between obesity/abdominal obesity and an increased risk of triple-negative breast cancer (TNBC). Overall survival and disease-free survival were reported to be significantly shorter in premenopausal obese women with TNBC compared to non-obese women, but these results are still inconsistent and need further research. The metabolic syndrome is characterized by a state of insulin resistance/hyperinsulinemia and subacute chronic inflammation, with both conditions offering a plausible mechanistic link towards breast cancer. Thus, in addition to their increased risk of cardiovascular morbidity and mortality, women with this syndrome represent a group at elevated risk of developing breast cancer and with poorer prognosis.
In Western countries, the prevalence of the metabolic syndrome was reported to be between 20 and 25% in the adult population. It is noteworthy that there is a marked increase in prevalence by age, leading to rates of 40-45% in those aged 50 years or older [10, 11] . The presence of metabolic syndrome indicates a 2-3-fold increased risk of cardiovascular morbidity and mortality in those fulfilling the criteria compared to those without the syndrome [7] .
Metabolic Syndrome and Breast Cancer
Only recently, several cohort studies suggested an association between the metabolic syndrome and breast cancer incidence. In a systematic review and meta-analysis, Esposito et al. [12] identified 9 studies on the association between the metabolic syndrome and the risk of postmenopausal breast cancer, including a total number of 6,417 incident cancer cases. The results indicate that the presence of the metabolic syndrome is associated with a 52% increase in breast cancer risk (p < 0.001).
An important question arising from this observation is which components of the metabolic syndrome may be responsible for this association. The above-cited study analyzed the 5 components of the metabolic syndrome separately; the risk estimates for postmenopausal breast cancer were 1.12 (p = 0.068) for an elevated body mass index (BMI)/waist circumference, 1.19 (p = 0.005) for hyperglycemia (higher fasting glucose or diabetes), 1.13 (p = 0.027) for elevated blood pressure, 1.08 (p = 0.248) for elevated triglycerides, and 1.39 (p = 0.008) for low levels of high-density lipoprotein (HDL) cholesterol compared to 1.52 (p < 0.001) for the full syndrome [12] .
Although there is limited knowledge as to whether the presence of the metabolic syndrome affects the prognosis of women with breast cancer, some recent studies with mostly small sample sizes showed a reduced survival. In a large cohort of 287,320 women, the presence of the metabolic syndrome resulted in an increased breast cancer mortality risk for women aged ≥ 60 years (relative risk (RR) 1.23; 95% confidence interval (CI) 1.04-1.45), which was not confirmed for younger women [13] . Thus, there is growing evidence that the metabolic syndrome is associated with both an increased incidence of breast cancer and a worsening of its prognosis.
Obesity and Breast Cancer
There is now overwhelming evidence indicating that an excess of body fat represents an independent risk factor for both an increased incidence and a poorer prognosis of breast cancer [2, [4] [5] [6] . This relationship holds particularly true for the risk of postmenopausal breast cancer, whereas obesity was previously reported to be protective against the development of premenopausal breast cancer [2] . However, it turned out that obesity also impairs the survival in premenopausal women with newly diagnosed breast cancer [4] [5] [6] . In the meta-analysis of Protani et al. [4] , a significantly poorer prognosis was found among obese compared to non-obese women with breast cancer, which was similar for overall survival (hazard ratio (HR) 1.33; 95% CI 1.21-1.47) and breast cancer-specific survival (HR 1.33; 95% CI 1.19-1.50). Interestingly, this positive association was also observed in premenopausal women [4] , as confirmed by a current metaanalysis [6] . A recent paper also indicated obesity as an unfavorable independent prognostic factor for the development of distant metastases and death [14] .
Obesity/Metabolic Syndrome and Breast Cancer Subtypes
Studies in postmenopausal women have observed a strong association between obesity and the risk of estrogen receptor (ER)+/progesterone receptor (PR)+ breast cancer, but no association for ER+/PR-or ER-/PR-breast cancer [15] . A pooled analysis revealed that, among women < 50 years of age, obesity was associated more frequently with ER-/PR-tumors than with ER+/PR+ tumors and, by including human epidermal growth factor receptor 2 (HER2) receptors, obesity was confined to triple-negative tumors (TNBC) (triple-negative vs. ER+/HER2-or PR+/HER2-tumors: odds ratio (OR) 1.80; 95% CI 1.42-2.29; p = 0.000006) [16] . Obviously, obesity in younger women has a protective effect only in case of receptorpositive tumors [16] . Another recent meta-analysis confirmed a positive association between obesity and TNBC in premenopausal but not in postmenopausal women, although in the latter group hormone therapy was not taken into account [17] . OR of breast cancer (OR 0.99; 95% CI 0.68-1.46), arguing against a specific adverse effect. However, there is agreement that more clinical trials are needed due to the low quality of many previous studies [28] .
Potential Mechanisms Underlying the Association between Metabolic Syndrome/Abdominal Obesity and Chronic Diseases
The mechanisms underlying the pathophysiology of the metabolic syndrome and its association with breast cancer and cardiovascular disease have been only partially elucidated. A common feature that probably links all components of the metabolic syndrome and characterizing abdominal obesity is insulin resistance, which can be defined as an impaired response to insulin leading to a compensatory increased insulin secretion and hyperinsulinemia. Another characteristic of the metabolic syndrome/abdominal obesity is subacute chronic inflammation caused by an accumulation of immune cells in adipose tissue and an impaired secretion of 'adipokines' including a variety of pro-inflammatory cytokines, further promoting a state of systemic insulin resistance and chronic inflammation. There is growing evidence that the combination of insulin resistance, subacute chronic inflammation, and increased visceral fat mass may represent a 'common soil' not only for metabolic and atherosclerotic diseases but also for many other diseases including some types of cancer. However, the clinical consequences of the metabolic syndrome are highly variable, probably depending on the respective individual genetic background and modifying environmental factors.
Pathophysiology of the Association between Metabolic Syndrome and Breast Cancer
The hypothesis of a 'common soil' underlying the metabolic syndrome, originally introduced by Stern [29] and characterized by insulin resistance and chronic inflammation, may be also relevant in the pathophysiology of breast cancer and its progression. There are more and more hints that the same mechanisms are operating in both cases ( fig. 1 ). Some pathophysiological features are discussed in the following.
Insulin resistance is frequently observed in obesity and in subjects on a Western diet and/or those lacking physical activity. Insulin is known to have mitogenic, antiapoptotic, and angiogenic properties. These biological actions of insulin may explain why elevated levels of fasting insulin have been implicated in cancer progression and mortality [30] . In addition, insulin was found to stimulate the synthesis of insulinlike growth factor 1 (IGF-1) and to weakly bind to the IGF-1 receptor. In general, insulin-IGF-1 signaling on tumor cells is up-regulated in obesity and results in an activation of the onOnly a few studies examined the relationship between metabolic syndrome and hormone receptor status in women with breast cancer. In 1 large cohort study, no significant association was found in postmenopausal women when adjusting for BMI [18] . Data on the relationship between the metabolic syndrome and TNBC are limited, concerning mostly primary prevention and single components of the metabolic syndrome [19] . A positive association between an elevated waist-hip ratio (WHR) and an increased risk of TNBC was seen in some studies [19, 20] .
As to prognosis, a recent meta-analysis found a higher BMI to be consistently related to lower overall survival and breast cancer-specific survival, but no significant differences were seen concerning the receptor status [6] . Overall survival and disease-free survival were reported to be significantly shorter in premenopausal obese women with TNBC compared to non-obese women [21] . However, in another study, obesity was not associated with decreased survival in patients with TNBC [22] , indicating the need for more and larger studies to clarify this relationship.
Diabetes and Breast Cancer
Type 2 diabetes is closely associated with abdominal obesity and is a frequent component of the metabolic syndrome. In the US Cancer Prevention Study II enrolling 588,321 women free of cancer, diabetes was significantly associated with increased breast cancer morbidity in women after 16 years of follow-up (RR 1.27; 95% CI 1.11-1.45) [23] . This association was not explained by BMI or other potential confounding factors [23] . A recent meta-analysis of these studies summarized that patients with diabetes and breast cancer have a significantly higher all-cause mortality compared to patients without diabetes (HR 1.49; 95% CI 1.35-1.65). In addition, patients with pre-existing diabetes also tended to present at later stages and to receive altered treatment regimens [24] . In addition, clinical data suggest that the diabetic state may promote a more aggressive cancer phenotype and/ or a poorer response to treatment. Thus, diabetes increases the risk of breast cancer and worsens its prognosis.
On the other hand, a recent retrospective study showed that women with diabetes who were treated with metformin had a significantly lower risk of developing breast cancer than women without metformin use (OR 0.44; 95% CI 0.24-0.82) [25] . In a study from Denmark, even short-term treatment with metformin reduced the risk of breast cancer in a multivariate analysis [26] . Thus, not all [27] but the majority of clinical data suggests a beneficial effect of metformin. In contrast, some concern was expressed regarding the impact of long-term insulin treatment, in particular with insulin glargine, on the breast cancer risk. In a recent meta-analysis, the results of studies including 448,928 subjects and 19,128 cancer patients were analyzed: Glargine did not increase the In postmenopausal women, adipose tissue becomes the major production site for estrogens via the enzyme aromatase which is expressed by the stromal cell fraction [35] . As obese postmenopausal women usually exhibit elevated estrogen levels, they are at risk of developing estrogen-dependent breast cancer. Furthermore, adipose tissue estrogen production is partially explained by an increased local release of TNF-, IL-6, and prostaglandin E2 [35] , which can also contribute to the development of breast cancer.
Perspectives and Practical Consequences for the Prevention and Treatment of Breast Cancer
Reducing adipose tissue and, in particular, the visceral fat mass is considered to be the most effective way to improve the clinical features of the metabolic syndrome. Therefore, weight loss in combination with regular physical activity appears to be the most powerful intervention to reduce insulin resistance and inflammation. But, to date, only limited information is available on the potential benefit of weight loss for both the incidence and progression of breast cancer. The current evidence for recommending weight loss to achieve these goals has been recently reviewed [36] . The general message from this analysis was that intentional weight reduction improves surrogate markers of tumor risk and progression, e.g. increased adiponectin levels and decreased free-estrogen concentrations and C-reactive protein (CRP) levels. At present, there are 2 large ongoing prospective studies on the effect of weight loss on survival [37] and comorbidities [37, 38] in breast cancer patients.
Another potential option for the prevention of breast cancer and the improvement of its prognosis is adherence to a Mediterranean diet. Some recent cohort studies observed a risk-lowering association [39, 40] , and the ongoing DIANA-5 trial investigates the effects of a Mediterranean macrobiotic lifestyle on breast cancer prognosis [41] .
Concerning pharmacological strategies, the only relevant choice at present seems to be metformin, a long-established blood glucose-lowering agent for the therapy of type 2 diabetes. Treatment of early-stage breast cancer patients with metformin was reported to reduce plasma insulin and, moderately, body weight [42] . Metformin is known to exert several insulin-independent effects such as activation of AMPactivated protein kinase (AMPK) with subsequent inhibition of the mTOR signaling pathway. Therefore, it appears plausible to pursue the hypothesis that metformin may be effective in breast cancer prevention and treatment, which is investigated in ongoing clinical trials [43] .
In conclusion, metabolic syndrome and breast cancer share several common pathophysiological features such as insulin resistance and low-grade chronic inflammation and both are promoted by obesity and other unfavorable lifestyle factors. This observation may help to understand the associcogenic Ras-MAPK and PI3K-Akt pathways (MAPK = mitogen-activated protein kinase, PI3K = phosphoinositide 3-kinase). Further, the Akt pathway activates mammalian target of rapamycin (mTOR), which is known to stimulate tumor cell growth [31] .
Chronic low-grade inflammation is another feature of the metabolic syndrome and abdominal obesity. Adipose tissue is an important production site for pro-and anti-inflammatory proteins, and an expansion of adipose tissue mainly due to fat cell hypertrophy results in an increased release of proinflammatory proteins [32] . In addition, this local inflammation is also characterized by the invasion and accumulation of activated immune cells (e.g., lymphocytes and monocytes/ macrophages) and a decreased production of anti-inflammatory proteins such as adiponectin [31] .
The pro-inflammatory factors released from adipose tissue, including tumor necrosis factor-(TNF-), interleukin (IL)-1 , IL-6, IL-8, and monocyte chemoattractant protein-1 (MCP-1), among others, may exert mitogenic, angiogenic, and antiapoptotic actions and have been implicated in tumor progression. Another interesting product released from adipose tissue is the fat cell hormone leptin, which is circulating at high concentrations in the blood of obese people and has been reported to have angiogenic properties [31, 33] .
Adipose tissue is a major component of the tumor microenvironment in breast tissue and there are interactions between cancer cells and adjacent adipocytes leading to socalled cancer-associated adipocytes (CAA), which by their specific secretory profile support tumor growth. These adipocytes in direct contact to breast cancer cells show delipidation and loss of terminal differentiation markers, as well as an increased expression of pro-inflammatory cytokines including IL-6 and plasminogen activator inhibitor type 1 (PAI-1), suggesting an intensive cross-talk between adipocytes and cancer cells. The increased lipolytic activity may serve to supply energy to the growing cancer cells [34] . 
